Objective To assess sociodemographic, socioeconomic, and clinical correlates of idiopathic REM sleep behavior disorder (RBD) in a 30,097-person national cohort.
REM sleep behavior disorder (RBD) is a disorder in which loss of the normal REM sleep paralysis allows patients to act out their dreams. The prevalence of polysomnogram (PSG)-confirmed RBD is ≈1% in those >50 years of age. [1] [2] [3] RBD is the strongest known prodromal symptom of neurodegenerative synucleinopathy; ≈80% of patients with PSG-confirmed RBD will develop Parkinson disease (PD), dementia with Lewy bodies (DLB), or multiple system atrophy. Although definitive diagnosis requires PSG, given the expense and limited number of specialists, several questionnaires have been developed to screen for RBD. [4] [5] [6] One of these questionnaires, the REM Sleep Behavior Disorder SingleQuestion Screen (RBD1Q), is a single-question screen that was found to have 94% specificity and 87% sensitivity in a large PSG-confirmed cohort study. 7 Risk factors for RBD are relatively understudied. Some studies have suggested that risk factors associated with PD or dementia (e.g., head trauma) are also present in RBD. However, some risk factors may differ, most notably smoking and caffeine use. 8, 9 We used baseline data, collected between 2012 and 2015, from the Canadian Longitudinal Study on Aging (CLSA) comprehensive sample of 30,097 participants. The CLSA included the RBD1Q and additional questions to help rule out RBD mimics. In this study, we assessed sociodemographic, socioeconomic, and clinical correlates of possible RBD (pRBD).
Methods

CLSA cohort
The CLSA is a prospective, national, population-based cohort that recruited 51,338 participants 45 to 85 years of age randomly sampled from 10 Canadian provinces and stratified by age. 10 Written informed consent was obtained from all participants (or guardians of participants) in the study. CLSA participants provide a core information set on demographics, lifestyle and behavior, social, physical, clinical, psychological, economic, and health status measures, including screens for selected neurologic diseases. Of the entire cohort, 30,097 are included in a comprehensive cohort, recruited from 2012 to 2015, in which participants also have in-home face-to-face interviews (including a sleep questionnaire module that screens for sleep onset and maintenance insomnia, excessive somnolence, restless leg syndrome [RLS] , and RBD), physical assessments, and biospecimen sampling; this is the sample for the current study. 10 Data access for the use of this study was reviewed and granted by the Data and Sample Access Committee.
RBD case definition
In the comprehensive cohort, RBD was screened as a "yes" response to the single-question RBD1Q: "Have you ever been told, or suspected yourself, that you seem to 'act out your dreams' while asleep (e.g., punching, flailing your arms in the air, making running movements, etc.)? 7 Specificity has been estimated as 87%; false positives can occur if the RBD1Q detects other sleep disorders, especially non-REM (NREM) sleep disorders and obstructive sleep apnea. Thus, for the primary analysis (figure), to reduce false positives, we excluded screen positives with the following:
1. Onset before 20 years of age. NREM parasomnia is generally a childhood-onset disorder, 11, 12 whereas synucleinopathymediated RBD generally starts after age 40. 13 2. Positive apnea screen defined as a "yes" response to either of the 2 symptom items from the STOP-BANG questionnaire (i.e., snoring loud enough to be heard in the next room and/or stopping breathing while sleeping). 14 3. A diagnosis of dementia/Alzheimer disease or parkinsonism/PD (i.e., not idiopathic RBD).
In the risk factor assessment, these participants were excluded from both the RBD screen-positive and RBD screen-negative groups (i.e., the control group) to prevent bias related to risk factors for the excluded conditions (e.g., if apnea is removed from the RBD group but not the control group, apnea risk factors would be imbalanced between groups). Note that the use of the term risk factor here does not imply temporality or causality because this is a cross-sectional study.
Sociodemographic and lifestyle variables
Educational levels were categorized in the CLSA as middle school and under, secondary school, bachelor degree and other diploma, and above. For the purposes of this analysis, total years of education were imputed from the estimated years in the education categories and from information provided directly in follow-up questions (0-8 years imputed as the average = 4, 9-10 taken from follow-up questions, secondary school imputed as 12, postsecondary imputed according to average length of degree for each diploma type). Marital status was categorized into single/never married, married/common-law, widowed, and divorced/separated. Annual personal income was grouped into 4 levels: <$20,000, $20,000 to $49,000, $50,000 to $99,000, and ≥$100,000. For ethnicity, participants were classified as white Glossary CI = confidence interval; CLSA = Canadian Longitudinal Study on Aging; DLB = dementia with Lewy bodies; NREM = non-REM; OR = odds ratio; PD = Parkinson disease; PLMS = periodic leg movements in sleep; pRBD = possible REM sleep behavior disorder; PSG = polysomnogram; PTSD = posttraumatic stress disorder; RBD = REM sleep behavior disorder; RBD1Q = REM Sleep Behavior Disorder Single-Question Screen; RLS = restless leg syndrome.
or nonwhite (95.6% were white, so we did not have sufficient power to subdivide nonwhite ethnicities).
For lifestyle variables, we analyzed the average weekly walking hours during leisure time and the annual frequency of participating in social activities. Smoking status was categorized into 3 groups: never smoker (combining occasional smokers and nonsmokers), past smoker, and current smoker. We calculated pack-years of smoking as packs per day times smoking years. Weekly alcohol consumption was based on self-report using standard alcoholic beverage amounts (14 g ethanol). Binge drinking frequency was defined as >5 drinks per sitting for men (>4 for women). Moderate to heavy drinking was defined as drinking >7 drinks per week for women and 14 for men. Overall satisfaction level of life and self-rated social standing in the community were rated with the 10-point MacArthur scales. 15 Self-rated health profiles (healthy aging, mental health, and physical health) were assigned from 1 (poor) to 5 (excellent). Use of antidepressants and mental illness were assessed via self-report.
Statistical analysis of risk factors
Prevalence odds ratios (ORs) were estimated first from logistic regression adjusted for age and sex (unweighted to the general Canadian population) with pRBD as the dependent variable. We then reassessed all ORs in a more complete multivariable regression model that included age (continuous), sex (categorical), currently married or widowed (categorical), imputed years of education (continuous), income (ordinal), retirement (categorical), heavy drinking (categorical), daily smoking (categorical), having served in the military (categorical), and mental illness and/or use of antidepressant (categorical). To avoid repetition in analyses, a variable structure similar to the regression model was used to replace the corresponding core variables (e.g., in analyzing the relationship between each age group and RBD, the ordinal variable age group would replace age as a continuous variable in the regression model). Statistical analyses were performed by PASW Statistics 18 (Chicago, IL). We omitted any responses labeled as uncertain or "refused to answer" in all analyses.
Sensitivity analyses
In addition to the primary analysis, we performed 3 sensitivity analyses (figure e-1 available from dryad, doi.org/10.5061/ dryad.0k27q21).
1. Including all RBD screen positives, i.e., including early onset and with positive apnea screen (still excluding dementia and parkinsonism). 
Data availability
Because of the confidentiality and security concerns, only applicants with a CLSA-approved project and the members of the project teams with a signature on Schedule F of the CLSA Access Agreement form are allowed to have direct access to the raw data.
Results
Characteristics of the cohort Of the 30,097 included, 14,777 were male and 15,320 were female; 64.7% were either married or in a common-law relationship. A total of 3,271 screened positive for pRBD. Of To further explore pRBD in the absence of mental illness, we also removed all participants reporting anxiety, depression, high psychological stress, or PTSD. Of the 13,416 remaining Finally, to confirm our findings in absence of potential misclassification bias caused by both RLS symptoms and mental illness (including use of antidepressant), we performed an additional highly restrictive sensitivity analysis excluding any participants with pRBD endorsing either RLS or any selfreported mental illness. Of the 11,609 participants remaining, 390 (3.3%) had pRBD (1.3% of the total population). Risk factor results were similar to those of the regression model (table 4) . It is worth noting that participants with pRBD were still more likely to have risky drinking habits and higher psychological distress level (12.9 ± 2.8 vs 12.6 ± 1.3) than controls.
Discussion
In this 30,097-participant nationwide study, we found that male sex, low education, heavy drinking, smoking, antidepressant use, and numerous indexes of mental health are linked with pRBD.
This is a large population-based study examining risk factors for pRBD. Two previous large cross-sectional studies were conducted in Tangshan (n = 12,784) and Shanghai (n = 3,635), China, 8, 21 that examined pRBD in selected populations. The Tangshan study found that age, male sex, marital status, low socioeconomic status, and coal mining were associated with pRBD. Participants with pRBD were also more likely to smoke and to drink alcohol and coffee and were less active. The Shanghai report also found an association between risky drinking and pRBD. The Shanghai study found that those with pRBD were more likely to be single and found no difference in risk between sexes. This may be due to the nature of the cohort (67% female participants) and the low specificity of the screening questionnaire (the RBD Screening Questionnaire was used, which includes some questions unrelated to dream enactment 22 ). Three other studies were conducted with PSG-confirmed RBD. 9, 23 The largest, conducted by the RBD Study Group, found that RBD was more common in those with lower education, farmers, welders, and those exposed to pesticide; of note, there was no lowering of risk with caffeine and smoking (which are known to be associated with lower PD risk). A follow-up study from this group found that neither caffeine nor smoking was associated with more rapid conversion to defined PD or DLB; however, pesticide use was associated with a lower phenoconversion, and family history of dementia was associated with a higher conversion risk. 24 A second PSG-proven RBD study also found that participants were more likely to be smokers, with a mild association with lower alcohol use and no relationship with caffeine use. 23 Finally, a recent report from the Lausanne sleep registry again found that RBD participants were more likely to be smokers and had more antidepressant and antipsychotic use.
2 Table 4 Sensitivity analysis after exclusion of mental illness and RLS (n = 11,609) (continued) Self-rated health profile, mean ± SD Healthy aging 3.8 ± 0. The strongest relationships seen in our study were between measures of mental illness and pRBD. This same relationship has been seen in several studies, including cohorts of PSGproven RBD and RBD in association with PD. 23, [25] [26] [27] There are several possible explanations for this finding. One is that those with mental illness may tend to endorse multiple symptoms, including multiple sleep symptoms, as part of their illness. [28] [29] [30] Another is that RBD itself can lead to psychosocial distress via disruption in sleep patterns or bed partner relationships (this possibility does not accord with our clinical experience in RBD; sleep variables on PSG are generally otherwise preserved in RBD, 31 and patients themselves often express little concern about their dream enactment). Another more compelling hypothesis is that antidepressants are well known to trigger RBD, so we may be detecting antidepressant-triggered RBD. 27, 32 Note, however, that the relationship with mental illness persisted even after adjustment for antidepressant use (OR adj 1.78, 95% CI 1.49-2.14). Another plausible explanation is that given that depression and anxiety, like RBD, are well-known risk factors for PD, 27, 33 some of the effect seen may be due to a common underlying cause (i.e., prodromal PD and DLB). Finally, it is possible that a subset of RBD exists in which people with preserved REM atonia mechanisms can nevertheless have dream enactment because of very high-intensity nightmares (common in PTSD) or general sleep-state disruption (as seen in narcolepsy). This would be consistent with the fact that the strongest relationship we observed was with PTSD and with previous descriptions of a trauma-associated sleep disorder, in which night terrors are common during both NREM and REM sleep. 34, 35 It is unclear whether this confound would explain all of our findings, however, because multicenter studies in PSG-confirmed cases also have found relationships between confirmed RBD and depression (OR 2.0) and antidepressant use (OR 2.4). 36 Another unexplained finding, seen now in several studies, is the relationship between lower education/socioeconomic status and pRBD. 8, 9, 37 With the comprehensive cohort of the CLSA, we were able to assess this controlling for other key variables, particularly mental illness. We saw that some of this relationship was attenuated by this adjustment, suggesting that socioeconomic status and mental illness may have partially explained the relationship. However, the residual relationship with education after adjustment remains unexplained. This could be due to residual confounding from unmeasured mental illness, a different unmeasured confounding variable, or a true causal relationship. Studies generally have not found a connection between level of education and PD or DLB, suggesting that underlying synucleinopathy is not the cause. A final possibility is that dream content (which is related to daily activities) may differ in those with less education, with a differing likelihood of being recognized by patients or bed partners (e.g., if one enacts dreams about occupational activity, physical activity during RBD might differ between a college professor and a construction worker 38 ).
Given the strong and consistent inverse relationship between PD and smoking, 8, 9, 23 the positive relationship seen here remains unexplained. Although ORs overlapped, it appeared that current smokers had the strongest association, followed by past smokers and then nonsmokers. It is known that smoking is correlated with alcohol use and mental illness. 9, 39 Here, with multivariable analysis, some of the relationship was attenuated after controlling for mental illness and alcohol use. It may be that nonsynucleinopathy causes of dream enactment (e.g., false positives) are positively associated with smoking, counterbalancing a "protective" role in synucleinopathy-mediated RBD. However, previous studies in PSG-confirmed RBD found that smoking was more common in RBD and was not associated with progression from idiopathic RBD to PD and DLB. Alternatively, it has been recognized that RBD is strongly associated with disease subtype in PD and DLB. [40] [41] [42] [43] It is possible that PD and DLB are epidemiologically heterogeneous; some subtypes are associated with smoking risk and others are not. Finally, given the complexity of factors that cause smoking behavior and the partial attenuation with multivariable adjustment, residual confounding related to unmeasured aspects of mental illness, impulse control, education, etc., may explain this relationship.
Some limitations of this study should be noted. First, the diagnosis of pRBD, although done with a validated questionnaire, nevertheless relied entirely on self-report. Of our sample, 3.18% had pRBD; however, studies that use PSG (which should be considered the gold-standard studies) have found prevalences of ≈1%. 2, 3, 44 This implies that even assuming high sensitivity, the majority of cases of pRBD do not actually have RBD. This problem is shared by all large-scale risk factors studies of RBD. 8, 21 In particular, most patients with NREM parasomnia would screen positive on the RBD1Q (1 study found that 69% of those with NREM parasomnia will screen positive on the RBD1Q) 45 ; we attenuated this somewhat by selecting out those who had onset before age 20 (the age at which the majority of NREM parasomnia starts). However, this would miss those who misattribute onset age and all those who develop NREM parasomnia late in life. Periodic leg movements in sleep (PLMS) can also be a source of screen positives for pRBD (noting that PLMS can also occur in true RBD). 46 Although the fact that we saw no change in point estimates on sensitivity analysis when removing participants with RLS makes this less likely, there still could be confounding by those reporting PLMS in the absence of RLS. It is also possible that adding frequency information (i.e., eliminating those with infrequent events) or restricting to those with current symptoms only would help reduce the false-positive rate 47 ; however, we do not have frequency information available. In general, incorrect diagnoses would result in a nondifferential misclassification bias; i.e., they would wash out differences between groups. If so, the significant relationships in our study would be generally stronger than what we observed, while some relationships would be missed. However, differential misclassification is also possible, such that false-positive screens could be driving some of the results (e.g., nonspecific sleep disturbance with depression, PTSD, apnea cases missed by screening questionnaires, periodic leg movements unassociated with RLS). As discussed, this may be particularly important for the relationship we observed between mental illness and pRBD; those with PTSD, depression, or anxiety may be particularly prone to dream enactment unrelated to loss of REM atonia. Second, it is likely that many participants would be unaware of having dream enactment. This is underscored by our finding that being married or in a long-term relationship was associated with RBD, a finding likely explained by differential levels of awareness. Third, although the CLSA is relatively comprehensive, many variables of interest were not measured such as quantitative information of caffeinated products and other substance consumption (dietary information has been collected, but analysis is pending). Fourth, because we were studying idiopathic RBD, we eliminated self-reported parkinsonism or PD. Overall sensitivity for self-report PD approximates 80%, meaning that some patients with true PD might have been missed (note that dementia was eliminated with both self-report and cognitive examination, so this limitation would not apply for dementia).
On the other hand, the main advantages of our current study are the large sample size, the systematic population-based sampling, the capacity to adjust for diverse potential confounding variables, including mental illness, and the ability to screen out RBD mimics such as apnea, RLS, and possible NREM parasomnia.
This study has replicated findings originally seen in smaller-scale cohorts that smoking, low education, and male sex are associated with RBD. We found a previously unreported link with alcohol use. Finally, we found a strong connection between pRBD and mental illness in general, including depression, anxiety, and PTSD. Further clinical research on the comorbidity of mental illness and psychological health profile in idiopathic RBD is needed to disentangle the complex interplay of sleep and mental health. Extra attention to mental health issues in the clinical care of patients with RBD may be warranted.
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